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Highlights 
 Acute low back pain (LBP) is characterised by low sensorimotor cortical activity 
 Processing of non-noxious sensory inputs is lower in acute LBP than controls 
 Corticomotor excitability is lower in acute LBP than controls 
 High variability suggests cortical plasticity differs between individuals  
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ABSTRACT 
 
Sensorimotor cortical activity is altered in both the immediate acute, and chronic stages of 
musculoskeletal pain. However, these changes are opposite, with decreased cortical activity 
reported in experimentally-induced acute pain (lasting minutes to hours), and increased 
cortical activity in chronic, clinical pain (lasting>6 months). It is unknown whether 
sensorimotor cortical activity is altered in acute, clinical musculoskeletal pain (lasting<4 
weeks). In 36 individuals with acute, non-specific, clinical low back pain (LBP) and 36 age- 
and sex-matched, pain-free controls, we investigated the processing of non-noxious afferent 
inputs using sensory evoked potentials (SEPs), as well as corticomotor excitability and 
organisation of the primary motor cortex using transcranial magnetic stimulation. Processing 
of non-noxious sensory inputs was lower (smaller area of the N80-N150-P260 SEP complex) in 
acute LBP (F1,70=45.28, p<0.01). Examination of specific SEP components revealed smaller 
area of the N150 and P260 SEP components in acute LBP, although inter-individual variability 
was high. Motor cortical map volume was lower in acute LBP (F1,70=5.61, p=0.02). These 
findings demonstrate that acute LBP is characterised by lower sensorimotor cortical activity 
at the group level. However, individual variation was high, suggesting individual adaptation 
of cortical plasticity in acute pain. 
 
Perspective: This is the first study to examine sensorimotor cortical activity in the acute 
stage of clinical low back pain. This information is critical for understanding the 
neurophysiology of acute low back pain. 
 
Key words: Low back pain, primary sensory cortex, primary motor cortex, sensory evoked 
potentials, transcranial magnetic stimulation 
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INTRODUCTION 
Individuals who experience low back pain (LBP) for 6 months or more (‘chronic 
LBP’) display cortical activity and organisation of the primary sensory (S1) and motor (M1) 
cortices that differs from pain-free individuals
58, 61, 66
. For example, studies demonstrate 
greater S1 activity and a difference in the location of S1 activation in chronic LBP
16
 
19
. 
Similarly, there is evidence of different M1 organisation characterised by a more posterior 
location and greater overlap of representations of the trunk muscles
53-55
. Differences in M1 
activity and organisation have been associated with the severity and location of pain and/or 
impaired motor control
18, 19, 33, 45, 54
. Despite findings of altered sensorimotor cortical activity 
and organisation in the chronic stage of pain, no study has examined S1 or M1 in the acute 
stage of clinical LBP (pain lasting less than 4 weeks).  
 Sensorimotor cortical activity in the chronic stage of pain is typically characterised by 
greater S1 and M1 activity
16, 37, 40, 56
. Conversely, experimentally-induced acute 
musculoskeletal pain (pain of rapid onset, lasting minutes to hours) decreases S1 and M1 
activity
8
. Evidence of greater cortical activity compared to pain-free controls in the chronic 
stage of pain is hypothesised to reflect maladaptive neuroplasticity and the adoption of 
simplified movement strategies
25, 44
 (although the absence of longitudinal studies means that 
causality is not yet clear), whereas in the presence of acute experimental pain, reduced 
sensorimotor cortical activity has been interpreted to limit the painful movement to prevent 
further pain and/or injury (or threat thereof)
31, 42
. These findings suggest that cortical activity 
in the acute and chronic stages of pain may be in the opposite direction. However, 
interpretation of this difference is challenging because the nature (predictable and generally 
without tissue damage) and timeframe (lasting minutes to hours) of acute experimental pain 
differs from acute clinical pain. In a clinical context, pain is generally triggered by tissue 
damage and has a timeframe of pain lasting up to 4-6 weeks. It remains unclear whether S1 
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and M1 activity is altered in acute clinical pain and whether these changes, if present, reflect 
those reported following acute experimental pain (decreased activity) or those reported in the 
chronic stage (increased activity) of pain.   
Sensory evoked potentials (SEPs) recorded using electroencephalography (EEG) have 
been used to quantify the processing of noxious and/or non-noxious afferent sensory inputs at 
the cortical level in musculoskeletal pain
16, 48
. Neuroimaging studies reveal that distinct SEP 
components represent central processing of specific cortical areas: the N80 component from 
S1, N150 from the secondary sensory cortex (S2), and P260 from the anterior cingulate cortex 
(ACC)
7, 9, 51, 52
. Thus, the amplitudes of these SEP components are used as an index of 
sensory and cingulate cortical activity
16
. Transcranial magnetic stimulation (TMS) has been 
used to produce topographical maps that represent the excitability and organisation of M1 
corticospinal neurons projecting to the target muscles
45, 53
. TMS map parameters, including 
map volume (a measure of the total corticomotor excitability of the M1 representation), 
centre of gravity (CoG, the amplitude-weighted centre of M1 representation), and the number 
of discrete peaks (the areas of greatest corticomotor excitability within a M1 representation), 
are used to quantify corticomotor excitability and organisational changes
44, 46, 54, 60, 62, 63
.   
 The aim of this study was to compare processing of non-noxious afferent inputs and 
corticomotor excitability and organisation in individuals with acute (pain lasting up to four 
weeks), clinical, non-specific LBP with a group of pain-free controls. Based on findings from 
acute experimental pain models, it was hypothesised that S1 and M1 cortical activity would 
be lower in individuals with acute LBP than pain-free controls. 
 
METHODS 
Study design and participants 
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A cross-sectional study design was used to evaluate (1) processing of non-noxious 
sensory inputs and (2) corticomotor excitability/organisation in 36 individuals experiencing 
an episode of acute non-specific LBP and 36 age- and sex-matched controls. The study was 
conducted in a university research laboratory. As there have been no studies of sensorimotor 
cortical activity in acute, clinical LBP on which to base a sample size calculation, a 
convenience sample was used. However, the sample size was greater than that used to 
demonstrate changes in sensorimotor cortical activity in chronic LBP with similar 
methodology
18, 45
.  
Acute non-specific LBP was defined as the onset of pain between the 12
th
 thoracic 
vertebra and the gluteal fold in the past 4 weeks following a period of at least 2 months 
without LBP that resulted in functional limitation
14
. Participants were recruited from primary 
care clinics and the community between January 2014 and April 2017 and included if they 
were at least 18 years of age and could provide written, informed consent. Individuals who 
presented with suspected nerve root involvement, suspected major spine pathology (e.g. 
fracture, tumour, cauda equina syndrome), other major diseases/disorders, neurological 
conditions, a history of spine surgery, psychiatric conditions, any other chronic pain 
conditions or contraindications to the use of TMS were excluded
27
. Participants in the control 
group were excluded if they had experienced LBP in the past two years or presented with a 
history of spine surgery, chronic or acute pain conditions, other musculoskeletal, neurological 
or psychiatric disorders or any contraindications to TMS. Healthy participants were carefully 
screened to ensure they were pain-free prior to study enrolment and at the time of testing. 
Participant characteristics are summarised in Table 1. All procedures were approved by the 
institutional Human Research Ethics Committee (H10465) and conformed to the Declaration 
of Helsinki.  
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Measures 
Pain 
Pain was assessed using an 11-point numerical rating scale (NRS) anchored with ‘no 
pain’ at 0 and ‘worst pain possible’ at 10 on: (1) the day of testing and (2) the average pain in 
the past week. The duration of the current episode of LBP and any history of prior LBP were 
recorded. 
 
Processing of non-noxious afferent inputs  
EEG was recorded using gold plated cup electrodes positioned over S1 (3 cm lateral 
and 2 cm posterior to Cz) on the side contralateral to the side of worst pain in individuals 
with acute LBP or the matched side in pain-free controls and referenced to Fz using the 
International 10/20 System
43
. Electrode impedance was kept below 5 kΩ. EEG signals were 
amplified 50000x, band pass filtered between 5-500 Hz and sampled at 1000 Hz using a 
Micro1401 data acquisition system and Signal software (CED Limited, Cambridge, UK).  
           SEPs were recorded in response to electrical stimulation of the paraspinal muscles at 
L3 on the side of worst pain in individuals with acute LBP or the matched side in pain-free 
controls. A constant current stimulator (Digitimer, DS7AH) delivered electrical stimuli of 1 
ms duration at a rate of 2/s (maximum current: 1A). A 20% variance was incorporated into 
the stimulus frequency to reduce accommodation. Stimulus intensity was set at 3x perceptual 
threshold and adjusted where necessary to ensure the stimuli were non-noxious. Two blocks 
of 500 stimuli were recorded. To exclude the potential interference of repeated sensory 
stimuli on motor cortical organisation, SEPs were recorded after the participants received 
transcranial magnetic stimulation
43
.   
 
Corticomotor excitability and organisation 
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Surface electromyography (EMG) was recorded from the paraspinal muscles at two 
sites: 3 cm lateral to the spinous process of L3 and 1 cm lateral to the spinous process of L5 
on the side of worst pain (or the matched side for pain-free controls) using disposable, 
Ag/AgCL electrodes (Noraxon USA Inc, Arizona, USA)
30, 36
. These sites are appropriate for 
assessing features of the motor cortical representation of lumbar paraspinal muscles
45, 47, 53
. 
Ground electrodes were placed over the anterior superior iliac spine bilaterally. EMG data 
were amplified 1000x, filtered 20-1000 Hz and sampled at 2000 Hz using a Micro1401 data 
acquisition system and Spike2 software (CED Limited, Cambridge, UK). 
An established TMS mapping procedure for the paraspinal muscles was used
47
. 
Single-pulse, monophasic stimuli (Magstim 200 stimulator/7 cm figure-of-eight coil; 
Magstim Co. Ltd. Dyfed, UK) were delivered to the M1 contralateral to the side of worst pain 
in individuals with acute LBP or the matched side in pain-free controls. The coil was 
positioned tangential to the skull with the handle aligned posteriorly. Participants wore a cap 
marked with a 6 x 7 cm grid and oriented to the vertex (point 0,0). The vertex was 
determined using the International 10/20 System, and aligned with the centre of the cap 
(coordinate 0,0)
24
. The cap was tightly fitted and the position regularly checked to ensure 
placement consistency. Starting at the vertex, five stimuli were delivered over each scalp site 
on the grid (inter-stimulus interval: 6 s) at 100% of stimulator output while participants 
activated the paraspinal muscles to 20% of their EMG recorded during a maximum voluntary 
contraction (determined as 20% of the highest root mean square [RMS] EMG for 1 s during 
three, 3-s maximal muscle contractions performed against manual resistance in sitting) with 
feedback provided on a monitor. All TMS procedures adhered to the TMS checklist for 
methodological quality
12
. 
 
Data management  
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SEPs were analysed as area for the N80 component (between the first major downward 
deflection of the curve after stimulation and the first major negative peak, N80), N150 
component (between the first negative peak, N80 and second negative peak, N150), P260 
component (between the second negative peak, N150 and the positive deflection of the curve 
starting around 150 ms after stimulus onset, P260), and the N80-N150-P260 SEP complex
16, 43
. 
The latency of the individual SEP components was calculated as the time from stimulus onset 
to the individual N80, N150 and P260 peaks. Area measures for the individual SEP components 
and the N80-N150-P260 complex, and latency measures, were averaged across the two SEP 
blocks for each participant. A trace from a representative pain-free participant demonstrating 
the components that were analysed is provided in Figure 1.  
 
Analysis of TMS map data was performed using MATLAB 7 (The MathWorks, 
USA). EMG traces of the five MEPs recorded at each scalp site were averaged. MEP onset 
and offset were visually identified from the averaged traces and MEP amplitude calculated as 
the RMS EMG amplitude between the onset and offset. Background RMS EMG between 55 
to 5 ms prior to stimulation was subtracted. MEP amplitudes were superimposed over the 
respective scalp sites to construct a topographical representation of the paraspinal muscles 
and normalised to the peak amplitude for each participant. Normalised values below 25% of 
the peak response were removed and the remaining values rescaled from 0 to 100%
47, 53
. 
Three parameters were calculated from the normalised maps. (1) Map volume (a measure of 
the total corticomotor excitability of a M1 representation) was calculated as the sum of the 
mean normalised MEP amplitude at all active sites. A scalp site was considered active if the 
normalised MEP amplitude was equal to or greater than 25% of the peak response. (2) Centre 
of gravity (CoG) was calculated for each muscle using the formula: CoG = ∑ 𝑉𝑖 𝑥 𝑋𝑖 ∑ 𝑉𝑖⁄ , 
∑ 𝑉𝑖 𝑥 𝑌𝑖 ∑ 𝑉𝑖⁄  where: Vi = mean MEP amplitude at each site with the coordinates Xi, Yi
59, 62
. 
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The CoG represents an amplitude-weighted location of the map centre and is a valid and 
reliable measure of a motor cortical representation
32, 34, 59
. (3) The number of discrete peaks 
was determined.  A scalp site was identified as a peak if its MEP amplitude was greater than 
60% of the maximum MEP amplitude for an individual’s map and was separated from any 
adjacent peaks by a reduction in MEP amplitude of at least 20%
47, 53
. 
 
Statistical analyses 
Processing of non-noxious sensory inputs and corticomotor excitability/organisation 
were compared between the acute LBP and control groups using one-way analyses of 
variance (ANOVA) with factor Group (LBP vs. control). When comparing two normally 
distributed groups, the F-statistic from an ANOVA test produces equivalent results to the t-
statistic from a Student’s t-test26. The sensory perceptual threshold and the intensity of 
electrical stimulation used to measure SEPs were also compared between the two groups 
using one-way ANOVA with factor group (LBP vs. control). To evaluate the potential 
confounding effects of a prior history of LBP on sensorimotor cortex plasticity, measures of 
SEP components and motor cortical organisation were also compared between individuals 
experiencing their first episode of LBP vs. those experiencing recurrent LBP using one-way 
ANOVA. Data that were not normally distributed were log transformed. ANOVA on ranks 
was performed on the original numbers where data were not normally distributed after log 
transformation. Post-hoc tests were performed using the Holm-Sidak method corrected for 
multiple comparisons. Pearson’s correlation coefficients were used to test linear associations 
between measures of pain (severity and duration) and i) SEP latency and area and ii) map 
volume in the acute LBP group, and between the intensity of electrical stimulation used to 
measure SEPs and the area of the N80-N150-P260 SEP complex. Cohen's d effect sizes were 
calculated to analyse effect estimates: d ≤ 0.2 is small, 0.5 represents medium, ≥ 0.8 is 
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large
13
. 
 
Post hoc analyses 
The primary analysis demonstrated large interquartile ranges, indicating high 
variability, in the areas of the N150 and P260 SEP components in individuals with acute LBP. 
When the relationship between the N150 and P260 SEP components was investigated in people 
with acute LBP using a Spearman’s ranked correlation coefficient, two distinct sub-groups 
were revealed; one group that displayed larger areas of the N150 and P260 SEP components 
and one group that displayed smaller areas of the N150 and P260 SEP components. To further 
explore this secondary finding, individuals with acute LBP were divided into two groups 
according to the mathematical median split of the areas of the N150 and P260 SEP components 
and pain characteristics were compared between individuals with high and low cortical 
activity using one-way ANOVA. Additionally, the areas of the N150 and P260 SEP 
components and pain characteristics were compared between males and females in the low 
back pain group using one-way ANOVA. ANOVA on ranks was performed on the original 
numbers where data were not normally distributed after log transformation. To determine 
whether sex accounted for any differences between the two subgroups, the areas of the N150 
and P260 SEP components and pain characteristics were also compared between males and 
females within these two subgroups using t-tests. Mann-Whitney U tests were performed 
where data were not normally distributed. Significance was set at p<0.05. 
 
RESULTS 
Processing of non-noxious afferent inputs  
The latency of the N150 SEP component was longer in individuals with acute LBP 
than pain-free controls (ANOVA on Ranks H (1)=5.49, p=0.02, Cohen’s d=0.52; Figure 2A). 
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The area for the N80-N150-P260 complex was smaller in those with acute LBP than pain-free 
controls (F1,70=45.28, p<0.01, Cohen’s d=1.61; Figure 2B and Figure 3). Consistent with this, 
areas for the individual N150 (ANOVA on Ranks H (1)=4.11, p=0.04, Cohen’s d=0.43) and 
P260 (ANOVA on Ranks H (1)=3.93, p=0.047, Cohen’s d=0.42) SEP components were also 
smaller in participants with acute LBP than pain-free controls (Figure 2D and 2E). There was 
no difference in the area for the N80 SEP component between groups (ANOVA on Ranks H 
(1)=2.63, p=0.11). There were no differences in the sensory perceptual threshold (ANOVA 
on Ranks H (1)=0.62, p=0.43; Figure 2 C) or the intensity of electrical stimulation used to 
measure SEPs (ANOVA on Ranks H (1)=0.02, p=0.88) between groups. There were no 
differences in any SEP measure between individuals experiencing their first episode of acute 
LBP and those with recurrent acute LBP (All p>0.23). There was no relationship between the 
intensity of electrical stimulation used to measure SEPS and the area of the N80-N150-P260 
SEP complex (r
2
=-0.08, p=0.51). 
 
Post hoc analyses 
Larger area of the N150 SEP component was associated with larger area of the P260 
SEP component in individuals with acute LBP (r
2
RS=0.85, p<0.01; Figure 4). The correlation 
analysis revealed two distinct groups: twelve individuals with larger areas of the N150 and 
P260 SEP components, and 24 individuals with smaller areas of the N150 and P260 SEP 
components. Clear SEP peaks were discernible in both groups despite the difference in 
cortical activity. When pain intensity was compared between the two groups (based on the 
mathematical median split across both SEP components: N150 area - 0.015μV, P260 area - 
0.02μV), individuals with high cortical activity had significantly lower pain in the past week 
than those with low cortical activity (F1,28= 5.10, p=0.03, Cohen’s d=0.82; Table 2).  There 
were no differences in the areas of the N150 (ANOVA on Ranks H (1)=0.11, p=0.74) or P260 
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(ANOVA on Ranks H (1)=1.13, p=0.29) SEP components and pain intensity in the past week 
(ANOVA on Ranks H (1)=1.94, p=0.16) when compared between males and females in the 
LBP group. Within the two LBP subgroups, there were no differences between males and 
females for any measure (All p>0.26). 
 
Motor cortical organisation 
M1 map volume recorded with the EMG electrode at the L3 recording site was 
smaller in individuals with acute LBP than pain-free controls (F1,70= 5.61, p=0.02, Cohen’s 
d=0.57; Figure 4A). Map volume at the L5 EMG recording site did not differ between those 
with and without acute LBP (ANOVA on Ranks H (1)=0.50, p=0.48). There was no 
difference between groups for any other measure of primary motor cortex organisation (Table 
3). Map data from a representative individual with acute LBP and a pain-free control are 
provided in Figure 4B. There was no relationship between L3 map volume and pain intensity 
at the time of testing (r
2
=0.01, p=0.95) or pain duration (r
2
=0.2, p=0.31). There were no 
differences in any measures of motor cortical organisation between individuals experiencing 
their first episode of acute LBP and those with recurrent acute LBP (All p>0.24). 
 
DISCUSSION 
This study is the first to examine sensorimotor cortical activity in acute, clinical 
musculoskeletal pain. The data demonstrate smaller area of the N80-N150-P260 SEP complex, 
implying “less” processing of sensory inputs in acute LBP than pain-free controls. Examining 
specific SEP components revealed smaller area of the N150 and P260 SEP components in acute 
LBP, interpreted to reflect lower S2 and ACC activity in acute LBP. Map volume of the 
paraspinal muscles was less in acute LBP, although measures of the map CoG and number of 
discrete peaks were not different, suggesting that corticomotor excitability, but not 
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organisation, is different between individuals with and without acute LBP. At the group level, 
these data suggest that acute clinical LBP is characterised by lower sensorimotor cortical 
activity. However, post hoc analysis revealed two distinct patterns of S2 and ACC activity 
(high vs. low) in acute LBP, suggesting individual cortical plasticity in response to acute pain 
differs between individuals.  
 
Processing of non-noxious afferent inputs in acute LBP 
SEP data demonstrated overall, less processing of non-noxious inputs (smaller area of 
the N80-N150-P260 complex) in acute LBP (large effect size). Specifically, S2 and ACC 
activity were lower (smaller areas for the individual N150 and P260 SEP components) and the 
peak in S2 activity was delayed (longer latency of the N150 SEP component) at the group level 
in acute LBP compared with pain-free controls (small to medium effect sizes). Although 
neuroimaging studies have shown decreased or increased ACC activation in response to 
noxious inputs using acute experimental pain
64, 65
,  the current study provides the first 
evidence for altered S2 and ACC activity in acute clinical pain. S2 and ACC are involved in 
the emotional and motivational dimensions of pain with roles in pain perception and the 
integration and processing of nociceptive and non-nociceptive inputs
4, 10, 21, 22, 51
. Previous 
studies have shown that pain can interrupt cognition and task performance by directing 
attention towards the painful stimulus
11, 50
, and compete with the processing of non-noxious 
inputs by diverting attentional resources
6, 17
. A smaller area of the N150 and P260 SEP 
components evoked by non-noxious inputs in acute clinical LBP could suggest that clinical 
LBP ‘distracts’ the brain from processing other non-noxious inputs. Alternatively, clinical 
LBP might dampen the processing of non-noxious, tactile-like afferents through ‘touch 
gating,’ a phenomenon in which tactile signals are reduced by the presence of noxious inputs 
(LBP), independent of cognitive influences
5, 23
.  
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 A unique observation was that although S2 and ACC activity were lower in acute 
LBP, variability was high. Post hoc analyses performed to explore the source of this 
variability revealed two distinct groups: those with high, and those with low S2 and ACC 
activity. The strong correlation between the SEP components attributed to S2 and ACC 
(RS=0.85) suggests that S2 and ACC activity are co-modulated in response to acute pain 
(although the measurement for the N150 and P260 SEP components are drawn from the same 
waveform and this may lead to some overestimation of the correlation). Interestingly, those 
with high activity experienced significantly less pain during the past week (2.51.9, N=12) 
than those with low activity (4.01.6, N=24). This appears consistent with the hypothesis of 
competing demands of pain, as those experiencing more pain might divert greater attentional 
resources, and compromise the processing of non-noxious inputs more than those 
experiencing less pain
6, 17
. This relationship requires detailed investigation in future studies.  
 S1 and S2 are involved in sensory discrimination
49, 65
. Sensory discrimination 
(measured by tactile acuity) is decreased in acute experimental and chronic LBP, possibly 
related to adaptive (acute) and maladaptive (chronic) S1 and S2 reorganisation
1, 2
. Whether 
sensory discrimination is also affected in acute clinical LBP and the relationship between 
sensory discrimination and S1/S2 activity requires further investigation. Contrary to our 
hypothesis, and to findings from acute experimental pain models, S1 activity (area of the N80 
SEP component) evoked by non-noxious inputs was not different in acute clinical LBP. 
Acute experimental pain studies have shown reduced area of the early latency SEP 
components indicating decreased S1 activity
41-43, 48
, supported by imaging studies showing 
decreased S1 activation in response to noxious stimuli
64, 65
. The discrepancy between acute 
experimental pain studies and the current study is likely explained by different SEP protocols 
(noxious vs. non-noxious stimuli) and the duration of pain. Clinical LBP can last for 4-6 
weeks
15
, whereas acute experimental pain typically lasts minutes to hours
8
 and is generally 
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not associated with tissue damage. It is unknown whether decreased S1 activity is also 
present in the very early stages (minutes to hours) of acute clinical LBP and whether this 
might be specific to noxious and non-noxious inputs. 
 Evidence suggests that different stages of LBP may be characterised by differing 
sensory and cingulate cortical activity, but interpretation is challenging because of different 
study methodologies. When pain lasts for minutes to hours, SEPs evoked by both noxious 
and non-noxious inputs reveal reduced S1 activity
41-43, 48
. Whether S2 and ACC activity are 
altered at this time point is unknown as relevant SEP data are absent. When LBP persists for 
several weeks, our findings reveal no difference in S1 activity and lower S2 and ACC activity 
in response to non-noxious stimuli. In chronic LBP, EEG studies using noxious stimuli have 
shown greater S1 activity
16
, no difference in S2
16, 20, 29
, and inconclusive findings for ACC 
(one study reported lower amplitude of the P260 component
16
 and two found no difference
20, 
29
). Further, imaging studies have shown greater ACC activation in chronic LBP
28
. Future 
longitudinal studies should investigate the response to both noxious and non-noxious inputs 
to elucidate how sensory processing changes when LBP transitions from the acute to chronic 
stage and any potential relationship between these changes and symptom persistence. 
 
Corticomotor excitability and organisation in acute LBP  
This is the first study to demonstrate that corticomotor excitability is lower in acute 
clinical LBP (smaller map volume of paraspinal muscles at the L3 recording site) than pain-
free controls (large effect size). Although this finding is consistent with our hypothesis and 
findings from acute experimental pain models
8
, whether corticomotor excitability is 
decreased relative to a pre-pain state for these individuals is unclear. Consistent with previous 
studies, smaller map volume was evident at the L3, but not the L5, recording site
45
. Although 
the functional relevance of lower corticomotor excitability in acute pain is unclear, it might 
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reflect a purposeful adaptation to limit provocative movements and thus limit the threat of 
further pain and injury
25, 31
. As increased M1 map volume is associated with learning a motor 
skill with specific training
3, 39, 57
, lower M1 map volume may represent a reduced capacity to 
control a muscle/skill (e.g. reduced capacity to activate paraspinal muscles, or reduced 
lumbar segmental movement during forward bending). Conversely, as map volume is 
reduced when a motor skill is consolidated, lower map volume in acute LBP could represent 
nervous system reinforcement of a simplified movement strategy
35, 38
. These hypotheses 
require future investigation. 
 Cross-sectional studies have demonstrated reorganisation of M1 representations of 
paraspinal muscles in chronic LBP
18, 45, 53
. However, the causality between M1 reorganisation 
and LBP chronicity is unclear. In acute LBP, our data show no difference in either the CoG 
location or number of discrete map peaks, suggesting that M1 reorganisation might not occur 
in the first weeks of LBP. It is possible that lower corticomotor excitability without 
substantial M1 reorganisation represents an early adaptive and protective strategy in acute 
LBP
25
.  
 
Limitations 
Our findings suggest that the emotional and motivational dimensions of pain 
perception, competition for processing of non-nociceptive inputs, and sensory discrimination 
may be altered in acute clinical LBP. However, our study did not directly investigate these 
components nor did we investigate the cortical response to noxious inputs. Future studies 
should consider examining SEPs with noxious stimuli, and at a remote, non-painful body site 
in acute LBP. Although we postulate that lower corticomotor excitability may be associated 
with impaired motor control observed in the clinic, motor control was not examined. Future 
studies should consider directly examining sensorimotor function. The average pain intensity 
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at the time of testing was 2.8 on a 11-point NRS. Future studies should seek to include 
individuals with greater pain severity to represent a wider acute clinical LBP population. 
Finally, this study was cross-sectional in nature and thus, causality cannot be inferred. 
Whether altered sensorimotor cortical activity was present before the onset of acute LBP or 
whether these changes relate to the development of chronic LBP are to be determined by 
future longitudinal studies.  
 
Conclusion 
These data suggest that overall processing of sensory inputs and corticomotor 
excitability to the paraspinal muscles are lower in individuals with acute clinical LBP than 
pain-free controls. Specifically, SEP features attributed to processing of non-noxious input by 
S2 and ACC are lower at the group level in acute clinical LBP. However, these cortical 
features are inconsistent between individuals with some displaying high S2 and ACC activity 
and others displaying low activity, and the relationship with symptoms supports the concept 
of pain interference. This information is important to understand the neurophysiological 
mechanisms in acute clinical LBP. 
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FIGURE LEGENDS 
 
Figure 1. A. Raw data from a single participant demonstrating components of the sensory 
evoked potential used for analysis. B. Rectified version of the waveform shown in Panel A. 
Any negative voltages were converted into positive value. The area under the curve of each 
SEP components was calculated. 
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Figure 2. Group data (mean and interquartile range) for A) the latency of the N150 SEP 
component for B) the area of the N80-N150-P260 sensory evoked potential (SEP) complex, C) 
the area of the N80 SEP component, D) the area of the N150 SEP component and E) the area of 
the P260 SEP component. Note that the area of N80-N150-P260 SEP complex, and the N150 and 
the P260 SEP components was smaller in the in individuals with acute low back pain (LBP) 
than pain-free controls. There were large variabilities in the area of the N150 and the P260 SEP 
components in the acute LBP group. The latency of the N150 SEP component was later in 
individuals with acute low back pain than pain free-controls. There was no between-group 
difference in the area of the N80 SEP component. *p<0.05. 
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Figure 3. Averaged sensory evoked potential (SEP) waveform for A) pain-free controls and 
B) individuals with acute low back pain. The solid line represents the average SEP 
waveform. The dotted lines represent the standard deviations. Note that the area of the SEP 
complex was smaller in individuals with acute low back pain than pain-free controls.  
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Figure 4. Linear correlation between the area of the N150 and P260 sensory evoked potential 
components in individuals with acute low back pain. Note the two groups: 12 individuals 
with high excitability in both the secondary sensory and cingulate cortex and 24 individuals 
(clustered in the bottom left of the graph) with low excitability in both cortical regions. 
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Figure 5. A) Group data (mean+standard deviation) for map volume at the L3 recording site.  
Map volume was smaller in individuals with acute low back pain than in pain-free controls. 
*p=0.02. B) Normalised motor cortical maps at L3 and L5 recording sites in one 
representative participant with acute low back pain (left images) and one representative pain-
free participant (right images). The dashed lines indicate the location of the vertex 
(coordinate 0,0). The coloured scale represents the proportion of the maximum motor evoked 
potential amplitude. Warmer colours represent higher excitability. 
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TABLE LEGENDS 
Table 1. Participant characteristics (mean  standard deviation). 
 Low back pain (n=36) Pain-free controls (n=36) 
Sex (male:female) 17:19 18:18 
Age (years) 3412 297 
Pain at time of testing (NRS) 2.81.9 --- 
Pain in the past week (NRS) 3.61.8 --- 
Pain duration (weeks) 2.41.2 --- 
Side of worst pain (right:left) 30:6 --- 
Number reporting first 
episode of low back pain 
8 --- 
NRS – numerical rating scale. 
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Table 2. Participant characteristics of the two low back pain (LBP) subgroups (high vs. low 
excitability) determined by the median values of the areas of N150 and P260 SEP components 
(mean  standard deviation). 
 High excitability (n=12) Low excitability (n=24) 
Sex (male:female) 4:8 13:11 
Age (years) 3614 3411 
Pain at time of testing (NRS) 2.81.8 2.82.0 
Pain in the past week (NRS) 2.91.9 4.01.6 
Pain duration (weeks) 1.91.2 2.51.1 
Side of worst pain (right:left) 11:1 19:5 
First episode of LBP (N) 3 5 
NRS – numerical rating scale. 
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Table 3. Group data (mean  standard deviation) for map parameters in individuals with and 
without acute low back pain. 
 Muscle Low Back Pain 
(n=36) 
Pain-free controls 
(n=36) 
CoG mediolateral location (cm) L3 2.30.6 2.50.6 
 L5 2.30.6 2.40.6 
CoG posteroanterior location (cm) L3 -0.11.0 -0.30.9 
 L5 0.041.0 -0.21.0 
Distance between CoG (cm)  0.50.3 0.40.3 
Number of discrete peaks L3 1.80.9 1.81.0 
 L5 2.11.1 2.11.1 
CoG - centre of gravity.  
 
 
 
